There is no doubt that accessibility of drinking water for rural households in India has increased over the decades, partly owing to concerted efforts by the state and partly owing to a rise in income of the people. Public provision of drinking water is primarily made through the tap whereas private provision is through the tube well. Households opt more for a tube well than for other sources owing to its reliability. The study finds a highly significant positive correlation between overall deficiency index and poverty ratio, a significantly negative relationship between the literacy rate and the percentage of cholera cases at times of deficiency.
Introduction
There is no doubt that water and sustainable development are inextricably linked. Once viewed as an infinite and bountiful resource, water today defines human, social and economic development. Population growth is expected to result in a decline in the per capita availability of fresh water. In 1947, this was measured at 5,150 m spatial and temporal variation in rainfall. With predicted demands such as these, the supply of drinking water and the requirements for ecosystems conservation are sure to face an uncertain future unless anticipatory policy measures are taken.
The Water Aid Report (2005) , published through collaborative research between the Indian government and the international non-governmental organization, provides new figures that belie official claims that 94% of rural populations now have access to safe drinking water. Increasing population, bacterial infections and other problems have resulted in a significant difference in effective coverage. Most water sources are contaminated by sewage and agricultural runoff. Apart from the availability, the other important issues are the dependability of the source, quality of the water, efforts, time and resources used to collect the water.
There is no doubt that India has made some progress in the supply of safe water to its people, but gross disparity in coverage exists across the country. The most important problem with the Rural Water Supply Programme has been the slip backs as noted by the Planning Commission in its 11th Five-Year Plan (2007-12) document. According to the document, "The rate of habitation slippages from fully covered to partially covered and partially covered to not covered is increasing. In addition to this, the increase in the number of quality-affected habitations which are dependent on ground water source is adding to these slippages" (Government of India, 2007: p. 169) .
The World Bank estimates that 21% of communicable diseases in India are related to unsafe water. In India, diarrhoea alone causes more than 1,600 deaths daily (Water partners, 2007) . Waterborne diseases affect over 37.7 million people in India and 1.5 million children die from diarrhoea caused by contaminated drinking water each year. For every 1,000 children, 87 die before their 5th birthday, mostly from preventable water borne diseases (see http://water.org/projects/india/).
Objective and scope
The present paper intends to assess the status of the drinking water supply in rural India; keeping in mind the related problems of reliability of the source, quality of water, poverty, illiteracy and the measures adopted by the people and the state to overcome such problems. The paper first discusses the past trend and the present status of the availability of drinking water across the states of India. The command of the users over the sources and their perenniality and sufficiency are discussed next. Lastly, issues like water usage and water quality particularly relating health problems are analysed. The data used in this paper are taken from NSS Report Nos. 449, 489 and 519 (Department of Statistics, Government of India, 1998), Department of Drinking water supply (see http://www.ddws.nic.in/ online_monitor.htm), National Health Profile, 2007 (Ministry of Health & Family Welfare, 2007) , Ministry of Health & Family Welfare (2005/06) , and the Census of India (2001) (http://www. censusindia.net/). Correlation estimates were done using E Views statistical software.
Availability of drinking water
According to the National Family Health Survey 3 (NFHS) (2005/06) estimates, 85% of the rural Indian households have access to an improved source of drinking water. An improved source of drinking water includes, in addition to water piped into the dwelling, yard or plot, water available from a public tap or standpipe, a tube well or borehole, a protected dug well, a protected spring and rainwater.
Only 28% of households in rural areas have access to piped water. Most people in rural areas obtain their drinking water from a tube well or borehole (53%); however, one in eight rural households get their drinking water from unprotected wells or springs.
Past records from NSS estimates show the aggregate percentage of households either using tap or tube well/hand pump have increased from 54.6% to 63.4% between 1988 and 1993 in the rural areas (Department of Statistics, Government of India, 1998; Table 1 ). Thereafter, it increased only for the tube well/hand pump which is often privately installed and have raised their share over the period. The percentage of households using a well declined throughout the period. Thus, the major sources of drinking water that have emerged from looking at Table 1 among rural households are the tap, tube well and wells, respectively. Thus, with the active involvement of the state as well as the growing awareness and income of the people, there has been a significant improvement in the situation over the decade.
A higher percentage of households using the tap as the principal source of drinking water is observed in states like Tamil Nadu, Gujarat, Maharastra and Haryana. Since tap water is generally supplied as a public provision, it can be assumed that the governments in these states have successfully implemented their drinking water supply schemes. Use of the tube well as a principal source is higher in Punjab, West Bengal, Bihar, Uttar Pradesh, Karnataka, Madhya Pradesh, Orissa, Haryana, Assam and Andhra Pradesh. The tube well in rural areas can exist both as a public and private (amongst the elite classes) provision. Larger incidences of the use of tube wells in many states reflect the efforts of both individuals and the states. In contrast, the high incidence of use of the tube well has its drawbacks as may be seen in states like Punjab, Karnataka, Madhya Pradesh, Haryana, West Bengal and Orissa where there is high fluoride, arsenic and iron contamination. Greater use of tube wells would lead to more exploitation of ground water and as a result more deterioration of the water quality. Use of the well is significant in the state of Kerela.
Although the provision of drinking water through the tap has not increased in the country, it is found to be the most sought after source primarily owing to its better quality and reliability. There is a significantly negative relationship between the percentage of population boiling or chemically treating drinking water and the percentage of households that have sufficient drinking water from a tap or tube well. This implies that households obtaining adequate drinking water from these sources do not find it necessary to treat it. On the contrary, the correlation between deficiency of tap and boiling the drinking water is estimated to be positive. This again indicates that when supply through tap falls short of the requirement, households go for other sources that are not of good quality and require treatment. This observation has been supported by another estimate of the correlation between the mean distance required to travel from the dwelling places to the tap and boiling the drinking water. This positive correlation implies that to avoid commuting long distance to fetch water from a tap, households use other nearby sources that are not of good quality. It is further noted that even in the case of sufficiency from other sources (pond, river, tank, spring, tanker etc) households are required to treat their drinking water. Moreover, it is found that households prefer to treat the drinking water that they receive from sources other than a tap as there is a strong relationship between boiling/chemically treating drinking water and the percentage of wells serving as principal source of drinking water; there is a significantly negative relationship between the percentage of the population boiling or chemically treating the drinking water and the mean distance required to travel to the well.
2.1. Distance of households from sources of drinking water and time spent on water collection
One of the major problems for households is that the drinking water sources are often not located within the household premises and for a large section of them the sources are located far off. Only about 31% of rural households reported their principal source of drinking water to be within their premises. Further, about 60% of households in rural areas were within 0.2 km of their principal source of drinking water. It may be seen in Table 2 that among the existing principal sources, the mean distance is lowest 81.25 m for tap, 96.3 m for tube well and much higher for a well, at 148 m. For each of these sources there are wide variations in the mean distance across states. The mean distance from a tap varies from as low as 40 m in Bihar to 123 m in Kerela. Tamil Nadu, with the highest percentage of tap water users, has a mean distance of around 99 m. Of the four states with high tap users, namely Gujarat, Maharastra, Haryana and Tamil Nadu, the first two were able to reduce the distance to substantially less than the national average. With the exception of Kerela, the tube well is widely used by the households in all Mean distance (in metres) ¼ S source i, i¼1. . .10 (per thousand households having specific principal sources of drinking water £ distance)/1,000 (data source: NSS 54th round).
the states. The mean distance is, however, very high in Haryana (180 m), Rajasthan (158 m), Tamil Nadu (135 m) and Maharastra (127 m). All these states are at the same time relatively low users of the source. Among the major well using states of Kerela, Rajasthan, Madhya Pradesh, Maharastra and Orissa, the mean distance from the source is highest in Rajasthan (207 m) and then Maharastra (168 m), Madhya Pradesh (134 m) and Orissa (110 m). The mean distance in Kerala is quite low, 91 m. The overall picture presented in Table 2 is that the rural person on the average has to travel 122 m from the house to reach the source of drinking water. The distance is lowest in Punjab (41 m) and highest in Rajasthan (195 m). Data from NSS report no. 519 reveals that about 45.7% of the women and female children above 5 years are usually engaged in domestic duties and on a principal status basis are found to be involved in fetching water from outside the premises. The highest percentage is found in Orissa (74%) and next in order are Tamil Nadu (69.4%), Karnataka (63%) and West Bengal (62.1%). The lowest percentage is found in Punjab (6.2%). In the NFHS-3 survey, households that did not have access to water on their residential premises, were asked for the typical time it takes to go to the water source, get water and return with the water for the person who usually goes to collect the water. Half the households in India are reported to have no drinking water on their premises. For 37% it takes less than 30 min for a round trip to fetch drinking water and for the remaining 12% who also do not have water on their premises, one round-trip to fetch water takes more than half an hour. In rural areas, for one in seven households, each round trip to collect water takes at least half an hour. In 81% of households that do not have a source of drinking water on the premises, it is an adult female who usually collects the water. Female children under the age of 15 are more than four times as likely as male children of the same age to fetch drinking water.
Command of the users over the sources and deficiency of water supply
The natures of access to sources of drinking water, ownership and user rights are important indicators of the command of the users over the sources or of cooperation amongst the users. In the 1998 NSS Survey, 23.4% of households had sole access to drinking water and the remaining 76.6% either go to common sources, which are possibly public owned, or in some cases community owned (Department of Statistics Government of India, 1998). At times some other privately shared sources also play a role. Further break up of the data shows that 69.6% of households with access to drinking water share with others, of which 14.8% share their common source in a restricted manner (Table 3) . Choice of a particular arrangement for obtaining drinking water may be influenced by factors like the distance to commute to the source. Punjab, Kerela, Assam and Gujarat have a higher share of sole ownership households. Most other states have a high percentage of households sharing community sources. Table 3 also adds to the argument that to avoid loss of time and effort in fetching water from distant places, villagers rely on community-shared alternatives, thus people still have to travel long distances to fetch water at an individual level.
Irregular availability of water in the shared sources is a major problem, as the sources quite often malfunction owing to several common problems such as maintenance issues of common property and personal conflicts. At times even sole ownership does not guarantee a secure supply of water. An estimated 13% of rural households do not get sufficient drinking water from their principal sources. May, June and April are the worst affected months. This irregularity, if categorized source-wise shows that irregularity is 20.1% for tap water, for 6.6% tube wells, 16.1% for wells and 26.1% for tanks.
When the source is a tap, the scarcity begins from February, picks up in the month of May when 20.1% experience a shortfall and gradually declines in July after the monsoon rains. Even for a tube well, the crisis period continues from March to June and for wells it is from March to July.
Although it appears from Table 4 that the overall deficiency index is low compared to the absolute amount required, in reality it is not so. This is because the deficiency is not distributed uniformly throughout the year as the problem of scarcity concentrates during summer when the deficiency is actually very high compared to the requirement. Although dependency on tap, tube well and wells has increased significantly over the years, Table 4 reveals that these sources have quite high deficiency indices. The combined effect of dependency and deficiency results in deterioration of the water quality, which is accompanied by waterborne diseases like diarrhoea, cholera, etc.
Water quality problems
The shortage of water in the country is slowly affecting the lives of people as well as the environment around them. The World Bank has estimated that the total cost of environmental damage in India amounts to US$9.7 billion annually or 4.5% of the gross domestic product. Of this, 59% results from the health impacts of water pollution (see http://water.org/projects/india/). It is estimated that about 70 million people in 20 states are at risk owing to excess fluoride and around 10 million people are at risk owing to excess arsenic in ground water. Some of the major issues that need urgent attention are as follows:
. Excessive extraction of ground water to meet agriculture, industrial and domestic demand.
. A rural population which does not have access to regular safe drinking water still depends on unsafe water sources to meet their daily needs. . Chemical contaminants namely fluoride, arsenic, iron, selenium, nitrate and chloride in groundwater pose a very serious health hazard in the country. All these need to be tackled holistically for a sustainable drinking water programme. . Ingress of seawater into coastal aquifers as a result of over-extraction of ground water has made water supplies more saline, unsuitable for drinking and irrigation. . Pollution of ground and surface waters from agrochemicals (fertilizers and pesticides) and from industry poses a major environmental health hazard, with potentially significant costs to the country. Tables 5 and 6 indicate how the quality of drinking water affects the health of people. Both cholera and diarrhoea are waterborne diseases; in case of cholera we can trace the severity to the months of April to September. In the summer months when there is a scarcity of drinking water, water quality deteriorates and the contamination spreads to other regions after the onset of the monsoon. As microbes breed more in the monsoon, the severity of the waterborne diseases is raised during that season.
Correlation estimates further reveal that the percentage of the population boiling their drinking water is found to have a significantly positive correlation to overall deficiency, the literacy of females and to overall literacy. This suggests that drinking water quality deteriorates at times of deficiency, urging the literates to boil their water before drinking. It is also observed that when, at times of insufficiency, households are getting water from their neighbours, they treat the water prior to drinking it, as suggested by the strong relationship between percentage of households obtaining water from neighbours at times of insufficiency and the percentage of households boiling or chemically treating their drinking water. Thus, there is a consciousness amongst villagers of the deteriorating nature of the drinking water quality but often, owing to poverty, treating the water is not possible. So, when drinking water is not treated, there is outbreak of waterborne diseases like cholera and diarrhoea.
A negatively strong relationship between the percentage of cholera cases at times of deficiency and percentage of households boiling or chemically treating the drinking water proves that deficiency of drinking water is a major cause of outbreaks of waterborne diseases, seen by a strong correlation between percentage of cholera cases at times of deficiency and the overall water deficiency index at the peak months of crisis. A negative correlation between the percentage of households boiling or chemically treating the drinking water and the work participation ratio for children, women and men indicates that villagers are unable to treat their drinking water when they are out at work. 4.1. Measures taken to meet the shortage and to restore water quality
In rural areas, about 18% of households reported having filtered their drinking water but very few households reported chemically treating or boiling water before drinking it (Table 7) . A majority of households (82%) do not treat drinking water. Straining water through a cloth (15%) and boiling (4%) are the most commonly used methods. Thus, awareness about the health effects of impure drinking water is missing amongst rural people. Science and technology information about the safety of water has not reached our villages. Following on from this, it is found from Table 8 that 24% of the rural population resort to 'no measures' at times of crisis and another 45% opt for 'other measures'. With the knowledge of science and technology discussed above, the 'other measures' are bound to be of inferior water quality which severely affects the health of the rural poor.
A positive correlation between overall deficiency index and sufficiency of drinking water from other sources indicates that the larger the deficit in major sources the more is the dependence on 'other sources'. In addition, a positive correlation between sufficient drinking water from other sources and mean distance required to travel to the tap indicates that people are opting for other sources in order to avoid commuting long distances for tap water. A preference for tube wells vis-a-vis 'other sources' reflects a negative relationship between the percentage of households that have a tube well as their principal source of drinking water and sufficiency through 'other sources'. A positive relationship between the percentage of households that have a well as their principal source of drinking water and the mean distance required to travel to the tap, confirms that households shift to other sources only when the tap or tube well is not meeting their requirements.
There is a positive relationship between mean distance required to travel and 'no measures taken to meet the insufficiency'. The same is also reflected in a negative relationship between other measures taken and mean distance required to travel. A strong relation is also found to exist between mean distance required to travel and poverty. It is obvious that poor people cannot install their own tube well or get a tap connection as payment usually has to be made even if the local government supplies it. These people cannot exert enough political pressure on the local government to create public provision of drinking water in the vicinity of their dwellings. The highly significant positive correlation between overall deficiency index and poverty ratio is a reflection of this phenomenon. Thus in the absence of alternative measures to meet the deficit, poor people are compelled to travel longer distances to meet their water requirements. All this indicates that there is still an acute deficit and enough scope to improve the water supply situation. A strong correlation between 'percentage of not covered quality-affected habitations' and 'percentage of households purchasing water at times of crisis' also adds to the gravity of the situation. Iron-contaminated habitations bear a strong relation to boiling/chemically treating and filtering drinking water by other processes, which suggests that villagers are conscious of an acute problem with iron which is visible in the water, whereas arsenic, which is not externally visible, is not treated. This observation is due to the illiteracy of people who are unaware of the crisis. A significant relationship between percentage of not covered quality-affected habitations and percentage of cholera cases at times of deficiency hints that the quality-affected habitations have a direct impact on the health of the villagers. The literacy rate has a significantly negative relationship with 'percentage of households where there are no measures taken at times of deficiency'. In fact, a strong relation exists between literacy rate and percentage of households where water is supplied by local authority. A positive correlation between 'percentage of partially covered quality-affected habitations' and 'percentage of households where drinking water facility is shared' reflects the willingness of the villagers to cooperate at times of common problems. Under these circumstances creating more public facilities for water treatment would be highly successful and the high incidence of literacy would mean more pressure on the government to provide these facilities. In contrast, there is also a strong relationship between poverty and percentage of households where there are no measures taken at times of deficiency. Moreover a significantly negative relationship between the literacy rate and the percentage of cholera cases at times of deficiency also suggests that the overall situation improves with literacy but at the same time poverty brings it down. Thus, poverty is found to have a strong relationship to percentage of households where no measures are taken at times of insufficiency. The correlation exercise reveals some other interesting features. First, the percentage of females who get drinking water at their premises is found to have a significantly positive relationship to the percentage of school going children as well as to the overall work participation ratio. This gives a positive signal that an improvement in the drinking water situation would improve the work participation ratio as well as the percentage of school going children. A strong correlation exists between the work participation ratio for children, women and men and the percentage of households where drinking water facility is community shared. Moreover we find that this population prefers a tap as their principal source of drinking water as there is a relatively strong relationship between the two. Households where women have to travel 1 -6 km to fetch drinking water prefer to purchase water at times of insufficiency.
Conclusions
Drinking water supply is one of the six components of Bharat Nirman, which has been conceived as a plan for building rural infrastructure to be implemented in four behind. The problem of water quality contaminated by to arsenic, salinity, fluoride, iron, nitrate and so on, in a large number of habitations also needs to be addressed as a priority. The large incidence of slippage from "fully covered" to "partially/not covered" categories is due to a number of factors such as sources becoming dry, lowering of the ground water table, systems outliving their lifespan and increase in population resulting in lower per capita availability. As is evident from this article, the states Haryana, Gujarat, Rajasthan, Maharastra and to some extent Madhya Pradesh are the most water scarce ones in terms of availability, distance required to travel to fetch drinking water and quality issues. Amongst the south-Indian states, Kerela lags behind most in terms of sufficiency, followed by Karnataka and Tamil Nadu (Table 9 ). In Kerela, although the mean distance required to travel to collect water is still very low, the state shows a higher deficiency index. Here comes the issue of technological intervention. It is very important to select the appropriate technology for a particular region. Ours is a country with immense regional diversity and geohydrological features and cultural preferences, which require diverse solutions in a local context. Thus there is need to look at traditional ways of life and wisdom in water management that have sustained people over the years and to try to refine and upgrade the same with new scientific knowledge. The technology should be such that communities are able to build and maintain a water system on their own using locally available materials. This disjuncture between water technology and local practices is strikingly prominent in rural Assam, one of the north-eastern states which has its own specific problems of poor connectivity. The state shows the highest percentage of households resorting to 'no measures taken at times of water crisis' (Table 8) .
The rural drinking water supply in India has seen major reform initiatives in the last decade with a clear policy shift from a centralized supply driven approach to a decentralized demand-driven approach. Policy adoptions whereby PRIs (Panchayati Raj Institutions) and the users are at the centre of the decision-making process and also contribute towards partial capital costs and full operating and maintenance costs have been undertaken. But implementation of such policies is not happening at the pace that the situation demands. The drinking water sector within the portfolio of the rural development programmes is still handled at the state level and not at the district level or local level. Bringing in community participation with the local people who know their own needs best is urgently required. They should be engaged at every stage and at every level of development/decision making, from planning, building and financing to maintenance. An integrated approach for achieving good health and hygiene associated with safe drinking water is recommended.
In the present paper, we find that the tap and tube well/handpump have emerged as dependable principal sources of drinking water. However, the provision of drinking water through the tap has not increased in the country whereas use of the tube well/handpump has shown significant increase. The reason behind this might be the malfunctioning of the government schemes since the tap is a public provision and shows lower coverage. On the other hand, use of tube well/handpumps, which are both publicly and privately owned, is showing increasing coverage. This shows us a trend where people are shifting towards private options to fulfil their needs. Such an observation raises question of whether or not water continues to be a "public good"? In fact, it is unfair to put the entire burden on the government saying that water is our basic right. The idea of building community-based water supply projects through a combination of grants and loans is new to the water sector. Microfinancing provision can help people gain access more quickly to safe water while maximizing their limited resources. Leveraging financial resources is critical, because looking at the speculated water crisis scenario, the cost of meeting water supply needs will outstrip the aid available. So, new resources will be only route able to meet water needs. Moreover to eliminate chances of a moral hazard, this is a step that should be taken.
The novelty of this paper is in formulating the idea of multiple utilities for drinking water from the correlation estimates. These multiple dimensions of values can have trade-offs with each other at the level of individual user or during technology delivery, deployment of investments and so on. This would in turn result in trade-offs at levels of policy making. For example, the effect of tap water as an unreliable source leads users to other sources and then these users, owing to poverty or illiteracy, do not treat the water from the other sources, which in turn results in an increase in the incidence of disease. This example provides an instance of how reliability/dependability can act as an independent function. At this point integrated water management is thus a must for poverty reduction, environmental sustenance and sustainable economic development. Sustainability in systems can be ensured when projects are managed at the grass roots level at which demystification of technical terms and simplification of technical knowhow is fundamental and the key to mass understanding and acceptance by rural communities. Unless safe drinking water is taken up on a war footing, the health of rural citizens will not improve and our children will continue to live in unhealthy, unhygienic environments. Thus, to achieve the mission of transforming India into a developed nation by 2020, good clean potable water in hygienic rural environments will be most important.
